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OPTICAL SYSTEM FOR SPACE SIMULATOR 
The invention relates to an optical system for 
producing solar simulation within a space simulator which 
is capable of increasing the intensity of the light beam 
while maintaining the ability of varying the beam 
diameter, The optical system includes a stacked lens 
system positioned on the exit side of an optical mixer 
that is capable of reducing the angular subtense of the 
exit beam with respect to the angular subtense of the 
entrance beam, thereby producing the capability of 
increasing the exit beam intensity over that of the inlet 
intensity as derived from the inherent source of brightness. 
The optical system includes a condenser lens which 
relays the energy exiting from the optical mixer onto an 
intermediate lens. The intermediate lens accepts the 
first total uniform image in the system and relays the 
image of the condenser lens to a projection lens which 
fucctiozs as a psnetration windov. The projection lens is 
positioned approximately at the focal point of the mirror 
to enable the projected beam to be collimated within zhe 
design limits fixed by the relay lens and mirror optical 
properties. 
A second embodiment of the present invention includes 
- a-variable lens system wherein the intermediate lens is - 
also movable along the optical axis. The second lens is 
also preferably separated into two lens units, both of 
which are axially movable, to split the power of the lenses 
for acceptable power requirements at both extreme operat- 
ing positions thereof, and to aid the incorporation of 
second order shape factors to improve the ultimate 




S P E C I F I C A T I O N  
- - - - - - - - - - - - -
TO ALL WHOM I T  MAY CONCERN: 
5 
BE I T  KNOWN THAT THOMAS I. HARRIS and MELVIN N. 
W I L S O N ,  c i t i z e n s  of t h e  United S t a t e s  of America, 
r e s i d i n g  a t  Pasadena, i n  t h e  County of Los Angeles, and 
La Canada, i n  t h e  County of Los Angeles, S t a t e  of 
1 0  C a l i f o r n i a  have invented a  new and u s e f u l  
OPTICAL SYSTEM FOR SPACE SIMULATOR 
of '  which t h e  following i s  a  s p e c i f i c a t i o n :  
ABSTRACT O F  THE DISCLOSURE 
An o p t i c a l  system is  d i sc losed  f o r  producing s o l a r  
s imula t ion  wi th in  a  space s imulator  which i s  capable of 
inc reas ing  t h e  i n t e n s i t y  of t h e  l i g h t  beam while  maintaining 
t h e  a b i l i t y  of varying t h e  beam diameter.  The o p t i c a l  
system inc ludes  a  s tacked l e n s  system pos i t ioned  on t h e  
20 e x i t  s i d e  of an o p t i c a l  mixer t h a t  i s  capable of reducing 
t h e  angular  subtense of t h e  e x i t  beam with r e spec t  t o  t h e  
angular  subtense of t h e  ent rance  beam thereby producing 
t h e  c a p a b i l i t y  of inc reas ing  t h e  e x i t  beam i n t e n s i t y  over 
t h a t  of t h e  i n l e t  i n t e n s i t y  a s  der ived  from t h e  inherent  
2 5  source of  b r igh tness .  The var ious  embodiments include 
both f i x e d  l e n s  and v a r i a b l e  l e n s  systems, 
O R I G I N  O F  THE INVENTION 
The invent ion  descr ibed he re in  was made i n  t h e  per- 
formance of work under a  NASA c o n t r a c t  and i s  sub jec t  t o  
30 t h e  p rov i s ions  of  Sec t ion  305 of t h e  Nat ional  Aeronautics 
and Space Act of 1958, Publ ic  Law 85-568 (72 S t a t .  435; 
42 USC 2457). 
BACKGROUND O F  THE INVENTION 
1. F i e l d  of t h e  Invent ion 
The p resen t  invent ion r e l a t e s  t o  a  s o l a r  s imula t ion  
appara tus  which p r o j e c t s  co l l imated  beam l i g h t  onto 
a  t e s t  a r e a  loca ted  wi th in  a  space s imulator .  More pa r t -  
i c u l a r l y ,  t h e  p resen t  invent ion  r e l a t e s  t o  means f o r  
inc reas ing  t h e  i n t e n s i t y  t h e  p ro jec ted  beam l i g h t  while 
1 0  maintaining a  c a p a b i l i t y  of varying t h e  beam diameter.  
2. Descript ion of t h e  P r i o r  A r t  
Space s imula tors  have become an important t o o l  i n  t h e  
t e s t i n g  and q u a l i f y i n g  of spacec ra f t .  In  a  t y p i c a l  
s imula tor ,  a  t e s t  volumne i s  provided t o  accommodate such 
15 spacec ra f t .  Also provided i s  a  r a d i a n t  energy system capable 
of  producing a  uniform, col l imated ,  s p e c t r a l l y  matched beam 
of l i g h t  which s imula tes  t h e  t r u e  s o l a r  i n t e n s i t y  on t h e  
var ious  p l a n e t s .  The source of  r a d i a n t  energy normally c o n s i s t s  
of a  bank of lamps c o n s i s t i n g  of  a  p l u r a l i t y  of high i n t e n s i t y  
20 Xenon o r  Mercury-Xenon a r c  lamps arranged i n  a  c l o s e l y  packed 
o r  hexagonal p a t t e r n .  These lamps p r o j e c t ,  v i a  e l l i p t i c a l  
r e f l e c t o r s ,  t h e i r  output  energy onto t h e  f r o n t  f ace  of an 
o p t i c a l  mixer, o r  i n t e g r a t o r ,  i n  a  t y p i c a l  gaussian d i s t r i b u -  
t ion,  
25 The gaussian i n t e n s i t y  d i s t r i b u t i o n  formed by th.e 
' lamps on t h e  mixer e n t r y  face  i s  unsui ted  f o r  r e l a y i n g  onto 
a  t e s t  p lane ,  s i n c e  it i s  n o t  uniform. The o p t i c a l  mixer 
so lves  t h i s  problem by s p l i t t i n g  up t h e  d i s t r i b u t i o n  an,d 
over laying  each of t h e  p a r t s  i n  such a  fashion  t h a t  t h e  
30 combined d i s t r i b u t i o n  is  uniform. The use of a  nes ted  
hexagonal a r r a y  of a  p l u r a l i t y  of  two l e n s  systems i s  used 
f o r  t h i s  mixing funct ion .  The f r o n t  face  of t h e  mixer 
u s u a l l y  c o n s i s t s  of a  p l u r a l i t y  of hexagonal l enses  followed 
by a  second plane of an equal  number of corresponding 
5 c i r c u l a r  o r  hexagonal l enses .  Both s e t s  of l enses  a r e  c l o s e l y  
packed and toge the r  provide a  p l u r a l i t y  of nonpara l l e l  but  
sepa ra te  l i g h t  pa ths  through t h e  mixer. A r e l a y  l e n s  i s  used 
t o  c o r r e c t  f o r  t h e  nonpara l l e l  pa ths  through t h e  mixer, i t s  
power being s p e c i f i e d  t o  f i t  t h e  system-collimating mir ror  
10  geometry. Because of  t h e  d i f f e r e n t  angular  o r i e n t a t i o n  of 
t h e  energy d i s t r i b u t i o n  p a t t e r n s  covering t h e  var ious  l i g h t  
pa ths  through t h e  system, t h e  mixer l e n s  system causes t h e  
mul t ip le  images t o  superimpose on t h e  mi r ro r ,  thereby averaging 
t h e  var ious  energy c o n t r i b u t i o n s  of  each of t h e  pa ths  s o  a s  
15 t o  produce a  s i n g l e  uniform l i g h t  image f o r  a  co l l ima t ing  
mir ror  t o  r e f l e c t  a s  a  sharp  t e s t  beam. 
The l a r g e  temperature-control led co l l ima t ing  mir ror  
i s  loca ted  a t  t h e  t o p  of t h e  space s imulator  and se rves  t o  
focus and p r o j e c t  t h e  uniform l i g h t  beam onto  t h e  t e s t  a r e a ,  
20 Since t h e  images of a l l  of t h e  lamps a r e  superimposed 
a t  t h e  mixer face ,  it i s  c l e a r l y  poss ib le  t o  reduce beam 
i n t e n s i t y  by e i t h e r  t u r n i n g  o f f  t h e  ind iv idua l  lamps o r  by 
reducing power l e v e l s  u n t i l  t h e  d e s i r e d  i n t e n s i t y  i s  reached. 
However, these  a c t i o n s  do no t  change t h e  uniformity,  
25 co l l ima t ion ,  s i z e ,  o r  any o t h e r  geometric c h a r a c t e r i s t i c  of 
t h e  beam, only  t h e  i n t e n s i t y  i s  reduced below t h e  design 
maximum . 
There has  been recen t  requirements t o  t e s t  spacec ra f t  
up t o  t h e  s o l a r  i n t e n s i t y  l e v e l s  of Mercury (900 Wazts).  
f t  
30 Present  s o l a r  s imula tors ,  a s  p r e s e n t l y  configured,  a r e  
. e f f e c t i v e  f a c i l i t i e s  f o r  t e s t i n g  spacec ra f t  only i n  t h e  
i n t e n s i t y  ranges approaching t h a t  of  Venus. 
Various proposals  have been suggested t o  increase  
t h e  i n t e n s i t y  l e v e l  i n  p resen t  s o l a r  s imula tors .  
5 An obvious approach would be t o  inc rease  t h e  r a d i a n t  
i n t e n s i t y  l e v e l  of t h e  source by (1) inc reas ing  t h e  number 
of lamps and ( 2 )  i nc reas ing  t h e  power l e v e l s  the reof .  
However, t h i s  does no t  so lve  t h e  problem because s o l u t i o n  
1) merely r e s u l t s  i n  a  l a r g e r  beam but  a t  t h e  same i n t e n s i t y ,  
10  while  s o l u t i o n  2)  i s  l i m i t e d  by inherent  source b r igh tness  
t h a t  c u r r e n t  technology can not  exceed. 
Another proposal  i s  t o  provide a  smaller  co l l ima t ing  
mir ror  i n  t h e  p resen t  s imula tor ,  a long with i t s  cool ing  means, 
a t  a  p o s i t i o n  nearer  t h e  s o l a r  source energy pene t ra t ion  l ens .  
1 5  Although t h e  r e s u l t i n g  increased  i n t e n s i t y  would be accomp- 
l i s h e d  with some descrease  i n  uniformity and co l l ima t ion ,  
such a  f a b r i c a t i o n  would be undes i rable  because extensive 
modif ica t ions  would have t o  be made of t h e  p resen t  mir ror  
cool ing  system and an e n t i r e l y  new mir ror  provided a t  t h e  new 
20 l o c a t i o n  which would be very expensive. Furthermore, ex tens ive  
shut-down pe r iods  would be necessary every time it was 
d e s i r e d  t o  change t e s t  programs from t h e  l a r g e r  Venus s o l a r  
beam i n t e n s i t y  t o  t h e  smaller  Mercury i n t e n s i t i e s  and v i c e  
versa .  
A s  a  consequence, it would be advantageous i f  v a r i a b l e  
beam diameters  could be p ro jec ted ,  while  maintaining t h e  
a b i l i t y  t o  change beam i n t e n s i t y  t o  s u i t  t h e  s p e c i f i c  t e s t  
item without  having t o  make extens ive  changes t o  t h e  p resen t  
s o l a r  s imula tors .  
Another method capable of varying t h e  s o l a r  beam 
diameter i s  t o  vary t h e  spacing of t h e  two s e t s  of l enses  
i n  t h e  o p t i c a l  mixer. However, convent ional  s o l a r  s imula tors ,  
us ing  condenser-projector l e n s  mixers only,  have f ixed  
geometr ical  input /output  c h a r a c t e r i s t i c s  because they a r e  
5 r a t h e r  s e n s i t i v e  t o  t h e  spacing between t h e  l e n s  elements. 
This  i s  because t h e  image of t h e  lamp bank i s  nominally 
contained wi th in  t h e  second l ens .  I f  t h e s e  l enses  a r e  
separa ted  f u r t h e r ,  t h i s  image o v e r - f i l l s  t h e  second l e n s  and 
energy is  l o s t .  I f  t h e s e  l enses  a r e  brought nearer  t o  each 
10  o t h e r ,  t h e  image-forming rays  of t h e  lamp remain wi th in  t h e  
second l e n s ,  b u t  t h e  p ro jec ted  beam s i z e  i s  r a p i d l y  increased ,  
r e s u l t i n g  i n  a l o s s  of beam i n t e n s i t y .  Second order  e f f e c t s ,  
r e s u l t i n g  from l e n s  adjustment,  shape and o r i e n t a t i o n ,  a l s o  
occur causing changes i n  uniformity and s k i r t  l o s s e s .  AS 
15 a r e s u l t ,  p resen t  o p t i c a l  systems i n  s o l a r  s imula tors  cannot 
be made t o  reduce t h e  diameter of t h e  uniform pro jec ted  beam 
of l i g h t  while  inc reas ing  i t s  i n t e n s i t y  inve r se ly  a t  t h e  
square.  The only  change t o  t h e  c u r r e n t  s imula tors  t h a t  can 
be made i s  t o  produce beam s i z e s  s l i g h t l y  l a r g e r  than t h e  
20  b a s i c  design s i z e  a t  lower i n t e n s i t i e s .  
OBJECTS AND SUiNMARY O F  THE INVENTION 
The p resen t  invent ion  obv ia tes  t h e  above-mentioned 
shortcomings by providing an o p t i c a l  system f o r  a s o l a r  
s imulator  t h a t  i s  capable of inc reas ing  beam i n t e n s i t i e s  
2 5  wi th in  t h e  s imulator  by achieving t h e  a b i l i t y  t o  vary t h e  
diameter of t h e  beam without phys ica l  changes t o  t h e  
mechanical e lements ,  
A primary o b j e c t  of t h e  p r e s e n t  invent ion  i s  t o  
provide an o p t i c a l  system t h a t  i s  capable of inc reas ing  t h e  
30 i n t e n s i t y  of t h e  l i g h t  beam wi th in  a s o l a r  s imulator  wi th  
l i t t l e  o r  no phys ica l  changes t o  t h e  p resen t  cons t ruc t ion  o r  
source a r r a y  the reof .  
Another o b j e c t  of t h e  invent ion i s  t o  provide an o p t i c a l  
system f o r  a  space s imulator  t h a t  i s  r e l a t i v e l y  simple i n  
5 cons t ruc t ion ,  economical i n  f a b r i c a t i o n ,  and t h a t  w i l l  permit 
t h e  beam i n t e n s i t y  t o  be increased  even during a  t e s t  run. 
The new o p t i c a l  system provides an a d d i t i o n a l  on-axis 
"s tacked" s i n g l e  l a r g e  l e n s  system t h a t  r ece ives  a l l  t h e  l i g h t  
energy from t h e  i n t e g r a t i n g  mixer, reduces t h e  angular  sub- 
10 t ense  of t h e  e x i t  beam wi th  r e s p e c t  t o  t h e  angular  subtense 
of t h e  ent rance  beam, and thus  produces t h e  c a p a b i l i t y  of 
concent ra t ing  o r  inc reas ing  t h e  e x i t  beam i n t e n s i t y  over t h a t  
of  t h e  i n l e t  i n t e n s i t y  a s  der ived  from t h e  inherent  source 
b r igh tness .  
The o p t i c a l  system inc ludes  a  p l u r a l i t y  of l enses  
pos i t ioned  on t h e  e x i t  s i d e  of t h e  o p t i c a l  mixer. A condenser 
l e n s  r e l a y s  t h e  energy e x i t i n g  from t h e  mixer onto an 
in termedia te  l e n s ,  The in termedia te  l e n s  accep t s  t h e  f i r s t  
t o t a l  uniform image i n  t h e  system and r e l a y s  t h e  image o f  
20 t h e  condenser l e n s  t o  a  p r o j e c t i o n  l e n s  which funct ions  a s  
a  p e n e t r a t i o n  window. The p r o j e c t i o n  l e n s  i s  pos i t ioned  
approximately a t  t h e  f o c a l  p o i n t  of  t h e  mirror  t o  enable 
t h e  p ro jec ted  beam t o  be col l imated  wi th in  t h e  design l i m i t s  
f i x e d  by t h e  r e l a y  l e n s  and mir ror  o p t i c a l  p r o p e r t i e s .  
A second embodiment of  t h e  p resen t  invent ion  inc ludes  
a  v a r i a b l e  l e n s  system wherein t h e  in termedia te  l e n s  i s  a l s o  
movable along t h e  o p t i c a l  a x i s .  The second l e n s  i s  a l s o  
p r e f e r a b l y  separa ted  i n t o  two l e n s  u n i t s ,  both of which a r e  
a x i a l l y  movable, t o  s p l i t  t h e  power of t h e  l enses  f o r  
30 acceptable  power requirements a t  both  extreme opera t ing  
p o s i t i o n s  t h e r e o f ,  and t o  a i d  t h e  incorpora t ion  of second 
order  shape f a c t o r s  t o  improve t h e  u l t ima te  uniformity a s  
d e s i r e d ,  
The f e a t u r e s  of t h e  p resen t  invent ion which a r e  
5 be l ieved t o  be novel a r e  s e t  f o r t h  with p a r t i c u l a r i t y  i n  
t h e  appended claims.  The p resen t  invent ion,  both a s  t o  i t s  
organiza t ion  and manner of opera t ion ,  toge the r  wi th  f u r t h e r  
o b j e c t s  and advantages t h e r e o f ,  may Best be understood by 
reference  t o  t h e  fol lowing d e s c r i p t i o n ,  taken i n  connection 
10  wi th  t h e  accompanying drawings. 
BRIEF DESCRIPTION O F  THE DRAWINGS: 
FIGURE 1 is an e l e v a t i o n a l  view, p a r t i a l l y  i n  s e c t i o n ,  
of  a space s imulator  u t i l i z i n g  an o p t i c a l  system of t h e  
p resen t  invent ion;  
15 FIGURE 2 i s  an enlarged p lan  view of an o p t i c a l  mixer 
a t t ached  t o  t h e  s imula tor ;  
FIGURE 3 i s  an enlarged p lan  view of a f i r s t  embodiment 
of an o p t i c a l  system of t h e  p resen t  invent ion;  
FIGURE 4 i s  an enlarged p lan  view of a second 
20 embodiment of an o p t i c a l  system of  t h e  p resen t  invent ion;  
FIGURE 5 i s  an enlarged  p l a n  view of a t h i r d  
embodiment of t h e  p resen t  invent ion  showing a v a r i a b l e  l e n s  
system; and 
FIGURE 6 i s  an enlarged p lan  view of t h e  v a r i a b l e  
25 l e n s  system i n  a second opera t ing  p o s i t i o n .  
DESCRIPTION OF THE PREFERRED EMBODIMENTS: 
Refer r ing  now t o  t h e  drawings, FIGURE 1 shows a space 
s imulator  10 which is adapted t o  accommodate spacec ra f t  f o r  
s o l a r  t e s t i n g  and qua l i fy ing .  The space s imulator  10 
30 inc ludes  a vacuum tank 11 which i s  an elongated cy l inder  
of approximately e igh ty  f e e t  i n  he igh t  and twenty-seven f e e t  
i n  diameter.  The vacuum tank inc ludes  a shroud (no t  shown) 
f o r  conta in ing  l i q u i d  n i t rogen.  The l i q u i d  n i t rogen func t ions  
a s  a temperature c o n t r o l  means, with t h e  temperature ranging 
5 from +250 t o  -320 degrees Fahrenhei t .  
A p l u r a l i t y  of d i f f u s i o n  pumps 13 a r e  operativel-y 
connected t o  t h e  vacuum tank 11 f o r  maintaining t h e  vacuum 
tank a t  t h e  d e s i r e d  p ressu re  condi t ion .  A t e s t  a r e a  15 i s  
loca ted  towards t h e  bottom of  t h e  tank 11 and i s  adapted t o  
10  support  spacec ra f t  of any d e s i r e d  s i z e .  
A bank of lamps 17 i s  u t i l i z e d  a s  t h e  source of r a d i a n t  
energy and i s  loca ted  a t  a p o s i t i o n  o f f s e t  from t h e  vacuum 
tank 11, This  s p e c i f i c  bank of lamps 17 comprises a p l u r a l i t y  
of  high i n t e n s i t y  Xenon a r c  lamps arranged i n  a hexagonal 
15 p a t t e r n  and p r o j e c t ,  v i a  e l l i p t i c a l  r e f l e c t o r s ,  t h e  r e s u l t a n t  
r a d i a n t  energy onto t h e  f r o n t  face  of an o p t i c a l  mixer 19 
i n  a t y p i c a l  gaussian d i s t r i b u t i o n .  
A s  shown i n  FIGURE 2 ,  t h e  mixer u n i t  19 c o n s i s t s  of an 
i n l e t  a p e r t u r e  l e n s  plane of a p l u r a l i t y  of hexagonal fused 
20 s i l i c a  l enses  20 followed by a second plane of  an equal  
number of  corresponding s i l i c a  l enses  21 .  Both groups of 
l enses  a r e  c l o s e l y  packed and toge the r  provide a p l u r a l i t y  
of nonpara l l e l  bu t  sepa ra te  l i g h t  pa ths  therethrough.  Each 
p a i r  o f  corresponding l e n s e s  20 and 2 1  a r e  pos i t ioned  t o  
25 s p l i t  up t h e  gaussian d i s t r i b u t i o n  and over lay  t h e  p a r t s  i n  
such a fashion  t h a t  t h e  combined d i s t r i b u t i o n  is  uniform. 
I n  such a p o s i t i o n ,  t h e  c e n t e r l i n e s  of t h e  p l u r a l i t y  1 
I 
of l e n s  systems converge t o  meet a t  t h e  plane of t h e  lamp 
a r r a y  17, The f i r s t  l e n s  20 of each p a i r  has  power s u f f i c i e n t  
30 t o  image t h e  lamp a r r a y  onto t h e  second l e n s  2 1 .  However, I 
t h e  power of each of t h e  second l enses  2 1  i s  chosen t o  c r e a t e  
a  v i r t u a l  image of t h e  f i r s t  l e n s  20 a t  t h e  plane of t h e  lamp 
a r r a y  1 7 .  Thus a l l  of t h e  images w i l l  be  superimposed a t  t h e  
p lane  of t h e  lamp a r r a y .  
5 An o p t i c a l  system v a r i a b l e  l e n s  u n i t  22  i s  pos i t ioned 
on t h e  e x i t  s i d e  of t h e  mixer u n i t  19 and w i l l  be descr ibed 
i n  g r e a t e r  d e t a i l  wi th  regard  t o  FIGURES 3-6. 
A l a r g e  ( u s u a l l y  temperature-control led)  mir ror  23 
i s  pos i t ioned  a t  t h e  t o p  of t h e  vacuum tank 11 and se rves  t o  
image t h e  v i r t u a l  overlayed source d i s t r i b u t i o n  sharply  onto 
t h e  t e s t  plane 15. 
FIGURE 3 shows t h e  f i r s t  embodiment of  t h e  o p t i c a l  
system 22 which inc ludes  a  s t r u c t u r e  25 support ing a t  one 
end thereof  a  condenser l e n s  26. The condenser l e n s  26 
funct ions  t o  r e l a y  t h e  overlapped v i r t u a l  images p ro jec ted  
from t h e  o p t i c a l  mixer 19 t o  an in termedia te  l e n s  27. The 
image of t h e  l e n s  26 i s  then  re layed by t h e  intermediate  l e n s  
27 onto a  p r o j e c t i o n  l e n s  28. The p r o j e c t i o n  l e n s  28 funct ions  
a s  t h e  v e s s e l  pene t ra t ion  window and is  loca ted  a t  approx- 
20 ' imately t h e  f o c a l  po in t  of t h e  co l l ima t ing  mi r ro r  23. The 
power of t h e  in termedia te  l e n s  27 i s  chosen t o  image t h e  
condenser l e n s  26 onto t h e  p r o j e c t i o n  l e n s  28, thus  r e l a y i n g  
t h e  e x i t  a p e r t u r e  of t h e  mul t ip le  l e n s  u n i t  onto t h e  
pene t ra t ion  window. The f i r s t  uniform image i s  c r e a t e d  on 
25 l e n s  27, from whence it i s  then  p r o j e c t e d  by l e n s  28 onto 
t h e  mir ror  a s  a  s i n g l e  uniform image fol lowing usua l  
r e f l e c t i o n  laws. 
The f a c t  t h a t  each of t h e  l a r g e  l enses  l i e s  a t  an 
image keeps t h e i r  s i z e  t o  a  minimum, The placement and 
30 powers of t h e  t h r e e  l a r g e  l enses  a r e  chosen t o  give a  two 
to one decrease in angular subtense so as to give a, 
corresponding reduction in test plane diameter. 
FIGURE 4 shows a second embodiment of the present 
invention wherein the intermediate lens 31 is somewhat 
5 weaker in power and is shifted in position so that it forms 
an image of the condenser lens 32 onto the projection lens 
33 at a one to one magnification. These changes subtcnse 
the output beam to the same subtense as the input beam, 
resulting in twice the size of the test plane as produced 
10 by-the system shown in FIGURE 3. 
FIGURE 5 shows a third embodiment of the present 
invention wherein a variable lens system displaces the 
intermediate lens 27. The second lens group is the prime 
variable member and operates at a two to one magnification 
15 in the position that fills the penetration window and 
produces the minimum test plane diameter. The second lens 
group also operates at a one to one magnification at the 
other extreme of its travel. Since the distance from object 
to image of a lens is a'minimum in the one to one position, 
20 if the power of the second lens is chosen to be correct for 
the two to one position, it will not be correct for the 
one to one position. The third embodiment of the present 
invention solves this problem by splitting the power of the 
second element into two lenses 33 and 35 and moving the two 
25 lens with a two to one differential motion to retain proper 
imaging characteristics. 
The two extreme operating positions are shown in. 
FIGURES 5 and 6 ,  
As shown in FIGURE 1,various beam widths along with 
30 resultant intensity levels can be reflected from the mirror 
23 onto the test area 11. The intensity level of the system 
of the present invention can thus be varied from maximum 
to zero for any diameter beam by turning off individual 
lamps or reducing their power levels. Moreover, the variable 
5 lens system, which functions to vary the beam diameter, also 
varies the intensity level inversely as the square, 
As a result, a highly uniform well-collimated variable 
intensity beam can be projected from a single optical system 
onto the test area of a solar simulator without having to make 
10 costly changes in the mirrors, lens or other physical items. 
Moreover, it is now possible to effect the variations of test 
conditions at any time during testing. 
It should be noted that various modifications can be 
made to the apparatus while still remaining within the 
15 purview of the following claims. 
